Introduction
The peptide portion of the ergot alkaloids has a profound influence on their physiological activity. * Issued as NRCC No. 18802. 0567-7408/81/0 I0168-05501.00
Photochemical generation of N-acyl imines (Court, Edwards, Grieco, Rank & Sano, 1975) provided a possible synthesis of the cyclol system common to these peptides, distinct from the approach of Stadler, Frey, Ott & Hofmann (1964) . Indeed, an appropriately substituted diketopiperazine (I), when irradiated in methanol, with subsequent acid treatment in that solvent, gave a low yield of the crystalline derivative of one such tripeptide with the correct analyses and spectra for (II) (Edwards, 1980) .
The present analysis has established that the chemical formula (II) is correct, but that the stereo-chemistry is not as originally expected. Two asymmetric centres are inverted relative to a corresponding derivative with natural stereochemistry.
Experimental
Colourless prisms (m.p. 449-451 K) were obtained from acetone and ether mixture. X-ray data were independent reflexions within 20 < 130 ° were scanned by the 0--20 method and, of these, 1618 (90%) were observed above threshold. The background was measured for 20 s at the lower and upper limits of each scan, and two reflexions (160 and 810) were used as standards for scaling. The intensities were corrected for Lorentz and polarization effects but not for absorption [#(Cu K~t) = 0.775 mm-1].
The structure was solved with the tangent formula (Karle & Hauptman, 1956) . The E map computed with 170 E's out of a possible 191 with I EI > 1.5 (R~ = 0.25) revealed all non-hydrogen atoms but several weak peaks were not accepted until confirme¢, by difference maps. All H atoms were located from a difference map when R was 0.08. No other significant peaks were observed. Refinement was by blockdiagonal least-squares calculations, minimizing ~.w(IFol-IFcl) 2, where w = {1 + [(IFol-10)/ 30]2} -1, excluding the unobserved reflexions. In the final cycle, R = 0.035 for the observed reflexions and Rw = 0.040. Mean and maximum shift/e.s.d, for the parameters of the non-hydrogen atoms were 0.07 and 0.39, respectively. The atomic parameters are presented in Table 1 .* All calculations were carried out with the NRC program system (Ahmed, Hall, Pippy & Huber, 1973) . Scattering factors were those of Hanson, Herman, Lea & Skillman (1964) , except for H (Stewart, Davidson & Simpson, 1965 Fig. 1 . An OR TEP parallel projection of the tripeptide showing thermal ellipsoids at the 50% probability level (Johnson, 1965) .
Discussion
The molecular structure of the cyclol tripeptide is shown in Fig. 1 and in (III). Its stereochemistry (2S, 5S, l lR and 12S) differs from that in the natural product ergotamine (IV) in the configurations at C(2) and C(11).
The structure of the peptide moiety of (IV) was established by chemical and spectroscopic methods as 2R, 5S, 11S and 12S (Hofmann, Ott, Griot, Stadler & Frey, 1963) and was confirmed recently by the X-ray analysis of (-)-dihydroergotamine methanesulphonate monohydrate (Hebert, 1979) . The only other related structure determined by X-ray methods is the aeip-iodobenzoylamino cyclol (V), obtained by isomerization of the parent alkaloid in acidic medium (McPhail, Sim, Frey & Ott, 1966) . The sterochemistry of (V) differs from (IV) only in the inversion at C (2).
The inversions at C(2) and C(ll) and the intermolecular N(18).-.O(15') hydrogen bond in the present compound appear to be responsible for considerable conformational differences and a much less planar molecule than in (IV). The skeleton of (III) is V-shaped ( Fig. 1) , being folded at the C(5)...C(11) diagonal with an angle of 118.3 ° between the two mean planes.
The bond lengths and angles, not corrected for thermal vibration, are presented in Fig. 2 . C-H bonds are 0.81-1.09A (0-99A average). The C(2)-C(3) length of 1.538 (4)A agrees well with the corresponding value of 1.539 (7)A in (IV), but both are longer than the expected value 1-516 (5)A (Molecular Structures and Dimensions, 1972 ) for a C-CO bond.
The low electron density on C(2) and C(12), caused by attachment to O atoms, is probably responsible for the shortening of N( 18)-C (2) and N(4)-C(12) ( 1.426, 1.431 A) compared with N(7)-C(8) and N(7)-C(11) (1.467, 1.477A). The shortening of O(1)-C (12) [1.407 (3) AI and the variations in the N-CO lengths [1.329 (4), 1.352 (4) and 1.361 (4) A] seem to be also largely dependent on the differences in the electrondensity distribution.
The differences in the C=O lengths in (III), in the dihydroergotamine cation (IV) and in the aei isomer (V) can be correlated with the hydrogen-bond formation. Table 2 shows a comparison of the corresponding C=O groups.
Such bond-length changes caused by hydrogen bonding have been reported by Ottersen (1975) and Stevens (1978) (14) 1.210 (4) 1.220 (6)* 1.26 (3)* C(6)=O (15) 1.230 (3)* 1.212 (7) 1.25 (3)* * Oxygen acts as an acceptor in the hydrogen-bond formation. i" Bond affected by the substitution by a phenyl group. . ,,2d,,2,, ,,59,229 (1980), who compared acetamide bonds from a neutron diffraction analysis at 23 K with those for an isolated molecule arrived at by ab initio molecularorbital calculations. The latter (C=O 1.215 and C-N 1.360/k for a conformation of minimum energy) are in good agreement with the values for non-hydrogenbonded C=O groups shown in Table 2 , and with N(18)-C(19) and C(3)-N(4) [1.361 (4), 1.352 (4) ~.]. On comparison of N(18) peptide bonds in (III) with those in (IV) (Fig. 3a) , bond differences are observed, which are probably due to the hydrogen-bond formation by the carbonyl O atom found only in the latter. In (IV), as in crystalline acetamide, the shortening of the NH-C donor bond is displayed by N(18)-C(19) = 1.341 (7)/k, whereas in (III) this effect is shown by N(18)-C(2) rather than by N(18)-C(19), which is 1.361 (4)A. The difference between N(18)-C(2) bonds (A = 0.017, t = A/o = 2.4) in the two structures is possibly significant.
The N(4) peptides (Fig. 3b ) present another example of bond-length differences between the two structures due to hydrogen-bond formation. In (IV), with C=O as an acceptor and O(16) as a donor, there is an alternate lengthening and shortening of bonds throughout the chain compared with the corresponding values in (III).
The endocyclic angles have mean values of 115.7 ° in the six-membered ring and 106.3 ° in the fivemembered rings, the largest angles occurring at the N atoms. While the three bonds at N(7) are almost coplanar, those at N(4) are significantly non-planar, with N(4) at 0.191/k from the plane of its three nearest C atoms, indicating a smaller resonance contribution of the type -N+=C-O -at N(4) than at N(7). This is also I I supported by the differences in the corresponding C-N and C=O lengths in the two groups. The Newman projections along N(4)-C(12) and N(7)-C(11), Fig. 4 , indicate that both ring junctions are cis, although it is more pronounced for A/B than for B/C as shown by the near linearity of C(6)-N(7)-C(8) in the projection.
The torsion angles are presented in Fig. 2(c) , with signs according to the IUPAC-IUB Commission on Biochemical Nomenclature (1970), and the details of the mean planes are in Table 3 . Ring A has an envelope conformation with O(1) at -0.25 A from the mean plane of the other four atoms and ACs[O(1)] = 1.3 °. Ring B is in a distorted boat form flattened at C(11) which is only 0.32/k from the mean plane of N(4), C(6), N(7) and C(12). Ring C is half-chair with C(9) at -0.20 and C(10) at 0.40 A from the plane of N(7), C(8) and C(ll); AC2[C(9)-C(10)] = 6.3 ° (Duax & Norton, 1975) . The torsion angles C(3)-C(2)-N(18)-C(19) and C(2)--N(18)-C(19)--C(21) are 46.4 and 177.5 ° (am 0.6 °) respectively. The conformational differences between the tripeptides in (III), (IV) and (V) are thus considerable. In the dihydroergotamine derivative ring A has a halfchair form with N(4) at -0.10 and C(12) at 0.16 A from the plane of the other three atoms, B is an envelope at C(12) and C is half-chair with C (10) above (+0.22A) and C(ll) below (-0.25A) the plane of N(7), C(8) and C(9). In the aci isomer (V) ring B is a distorted half-boat, and rings A and C are both envelopes at C (2) and C (10).
The hydrogen bond between N (18) All other intermolecular contacts are longer than the sums of the corresponding van der Waals radii.
